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l 
This invention yrelates to devices for >determin 

ing the presence and location of metallic particles 
in Ibody tissue, forms of vsuch devices being dis 
closed in my vPatents ç2,321,355 and.2,321,356, both 
issued June 8, 1943, and in my co-pending appli 
cationaser. No. 482,860, filed April 13, 1943, now 
Patent No. 2,437,455, and Serial No. 577,910, ñled 

, February 14, 1945, now Patent No..2,450,868. More 
particularly, -t-he invention has rto do with im 
provements .in such _devices which, among other 
things, facilitate »their use tty/simplifying the op 
erations by which they «are adjusted tofplace them 
in operating condition. f 
The metal locatorof thepatents includes ¿a pair i 

of transformers, 4referred to as a detecting trans 
former and a Vbalancing transformer, which are 
closely similarand have their primaries-connected 
in series while theirsecondaries areconnected in 
series but opposed. The ~`detecting transformer 
is mounted Within the shell of a probe and the 
balancing transformer ̀ may îbe located ata dis 
tance from the probe, but is preferably Ymounted 
within the handle of the probe, for .reasons set 
forth in the second patent. ,Although the trans 
formers are brought into balance during the man 
ufacture .of the instrument, that initial balance is 
likely to be upset, when the Ainstrument is put 
into use, because of local conditions, such was 
stray fields »or line voltage ñuctuations. Also a 
slightconclition of unbalance isdesirable for max 
imum sensitivity. Accordingly, means are pro 
vided for varying the 1output of the transformer 
secondaries with respect >both `to amplitude and 
phase. «Such :means may take theform of masses 
of .iron and .ofcopper mounted Ymovably adjacent 
one of the transformers, as, for example, the 
transformer in the handle of »the _probe of the 
instrument shown in Patent 2,321,356, and ad 

’ justable to effect a balanceor a selected unbal 
ance in the voltage induced .in the secondaries of 
the transformers. If preferred, the balancing or 
the vestablishment fof a desired unbalance may 
be accomplishedby .means -of ìa control trans 
formerdisposed ata-distance from .the probe and 
provided with movable iron and copper bodies, ,as . 
disclosed in the identified applications; 
In my prior instruments, the .output resulting 

from the .probe being brought into proximity to 
a body of metal, Íis kfed to an amplifier and the 
loutput of the amplifier >is rectified and the recti 
fied current is then Asupplied to .an indicating 
device, such ̀ as .a meter. I have found that, in 
practice, itis sometimes Voliflicult for an unskilled 
person to `correctly .manipulate .the adjusting' 
means so .as to .ñrst .establish the initial balance 
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in the instrument and then to produce the core 
rect unbalance necessary yfor maximum sensi 
tivity. For maximum sensitivity, the detection 
of magnetic metals requires an exact balance 
in phase and va 4slight unbalance in amplitude, 
while the y.detection of ,non-magnetic metals re 
quires an exact balance in amplitude and a slight 
unbalance in phase. Further, the required un 
balance must, in .each case, be vinthe correct di 
rection in order vthat the indication be positive, or 
increasing with an approach «of the probe to 
metal. If the unbalance should be applied in 
the reverse sense, then »the indications would be 
negative or decreasing with an approach of the 
probe to metal, which .is undesirable. Also, when 
the required unbalance is obtained, the needle 
of the >meter is part way between the Zero point 
and full scale, so that less than full scale de 

~ flection is available during the use of theinstru 
20 ment. 

The present invention is, `.accordingly directed 
to the provision :in Ilooators fof the type referred 
to, of »new means for .-both balancing 4the instru 

` ments vand obtaining the correct degree of un 
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. balance necessary »for maximum sensitivity, the 
requirements in .manipulation of said means be 
ing so simplified as to greatly decrease the îpossi 
bilityof error even at’the »hands .of unskilled per--` 
sons, The invention. further includes means 
whichrnake it possible to yobtain a full scale de 
iiection of the meter even when the instrument 
is at .the required unbalance for ymaximumsensi 
tivity, this means causing no interference with 
the tuning for «either exact balance or for the 
required ¿predetermined unbalance. » - 

For a <better understanding of the invention, 
reference »may be Amade to the accompanying 
drawings, in which 

Fig. 1 is a wiring diagram of part of one form 
vof the instrument, in which a vcontrol transformer 

~ is used for tuning; 
Fig. 2 isa view, partly in vertical section and 

partly in elevation,.of thecontrol transformerand 
’associated parts; 

Figs. 3, 4 and 5 are sectional views on the lines 
'3f-3,444, and 'sl-5„ respectively, of Fig. 2; 

' Fig. 6 is a sectional view on the line 6--6 oi'. 
Fig. 5; , 

Fig. '7 is a sectional View on the line 'I--l of 
Fig. 6; 

Fig. V8 is aplan viewof a part of a switch used 
in the instrument; and Y 

Fig. 9 is `a wiring 4diagram of the instrument. 
AIn the drawings. ̀ the instrument illustrated is, 

of ̀ the ~ty-p‘eshown in ,my cri-pending applications 
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above identified, in which the probe I0 includes 
a detecting transformer I I and a balancing trans 
former I2, the primaries Ila, I2a of which are 
connected in series and the secondaries IIb, I2b 
of which are also connected in series but in oppo 
sition. The primaries of the probe transformers 
are connected in series with the primary I3a of 
a control transformer I3 and the three primaries 
are supplied with alternating current from a 
source I4. The control transformer includes a 
pair of secondaries I3b, I3c, which are connected 
in series but are opposed to one another. One 
terminal of secondary I3b is connected to a termi 
nal of secondary I2b, while the remote terminal 
of secondary I3c is connected to the input termi 
nal of an amplifier I5. One terminal of secondary 
IIb is grounded. i 
The control transformer includes a pair of 

fixed cores IBa, IIìb, on which the primary and 
the respective secondaries are wound, and a mov 
able core IBc between the fixed cores, which may 
be adjusted to produce a difference in amplitude 
between the voltages induced in secondaries I3b, 
I3c. The control transformer also includes a 
copper ring I‘I, which may be moved relatively to 
the windings and ñxed cores to cause a phase 
difference between the voltages induced in the 
secondaries |312, I3c. 
The secondaries IIb, I2b of the probe trans 

formers, in all forms of my locator, are identical 
within manufacturing tolerances, so that when 
current flows through the primaries I Ia, I2a, the 
voltages induced in the secondaries should bal 
ance with the result that the secondaries have 
no output. However, because of slight varia 
tions in manufacture and also of local condi 
tions producing an unbalance, it is desirable to 
provide means for tuning the probe transformer 
secondaries to exact balance and also to the un 
balanced condition, which produces maximum 
sensitivity of the instrument. Such tuning may 
be accomplished by the use of iron and copper 
bodies mounted in the handle of the probe, as 
in the construction shown in Patent 2,321,356, 
but I prefer to employ the control transformer 
I3 disclosed in the co-pending applications. By 
adjusting the movable core Ißc of the control 
transformer, the secondaries I3b, I3c thereof 
may be unbalanced as to amplitude so that they 
produce an output counteracting any undesired 
residual output of the probe transformer sec 
ondaries IIb, I2b and thus place the entire in 
strument in balance. The copper ring I‘I of the 
control transformer can be adjusted to produce 
a phase difference in the voltages induced in 
the secondaries I3b, I3c counteracting any unde 
sired residual phase difference in the outputs of 
the probe transformer secondaries IIb, I2b. 
One terminal of the control transformer Sec 

ondary ISc is connected to the input of ampli 
fier I5, in which the net output of the probe 
transformer and the control transformer, result 
ing from the probe being brought into proximity 
to a metallic body, is amplified. The amplified 
current goes to a power transfer device, which, 
in the construction illustrated, takes the form of 
an output transformer I8. The amplified cur 
rent passes to the primary I8a of the output 
transformer and the secondary I8b of the trans 
former is connected to a rectifier tube I9 which 
supplies rectified current to an indicating instru 
ment, such as a meter 20. 
The movable core |60 and the copper ring I'I 

in the control transformer are preferably used 
to establish an initial balance of the instrument, 
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so that when current is supplied to the primaries 
of the probe and control transformers and the 
probe is not in the vicinity of a metallic body, 
no indication will be given by meter 20. In 
order to facilitate such tuning to an initial bal 
ance, means are provided for reducingvthe volt 
age induced in the secondary I8?) of the output 
transformer I8, so that the instrument will be 
less sensitive, and, for this purpose, a resistance 
2I may be connected across one of the windings 
of the output transformer in a circuit contain 
ing a switch 22. In the diagram shown in Fig. 
9, the resistance is connected across the output 
transformer primary I8a, but the same effect can 
be obtained by connecting the resistance across 
the output transformer secondary I8b, and the 
latter arrangement is preferred. Also, other 
means, such as a condenser, may be substituted 
for the resistance, if desired. During the tuning 
to initial balance by means of the movable core 
IBe and the copper ring I'I, the switch 22 is 
closed and this reduces the output of trans 
former I8 and thus reduces the effect on the 
needle of meter 20 of a change in the positions 
of either the core I6c or the ring Il. Also the 
resistance is so adjusted as to prevent the meter 
20 from going beyond the scale limits even un 
der conditions of maximum unbalance. 

After the instrument has been placed in exact 
balance, a limited degree of unbalance is de 
s’irable to give the vmaximum sensitivity in the 
use of the instrument. ' Such unbalance might be 
achieved by further adjustment of core I6c and 
ring I'.', but it is preferable to provide a means 
for making Y an independent adjustment and 

such means, to be described, are included in the 
new instrument. When the unbalance is at 
tained, the needle is moved above the zero point 
by the amount of current supplied to the meter 
as a result of the unbalance and such movement 
of the needle reduces the extent to which the 
needle may be further deflected when the probe 
is brought into proximity to the metal to be de 
tected. It is, therefore, desirable to provide 
means for restoring the needle to its zero posi 
tion on the meter, even though the instrument 
is unbalanced, For this purpose any suitable 
source of potential, such as the battery 23, is 
connected to the meter to oppose the flow of 
rectified current therethrough and a protective 
resistance 24 may be placed in circuit with the 
battery. A connection 25 including a switch 2B 
is provided to shunt out the battery and when 
the switch is closed, the effect of the battery is 
nullified. The swich is, therefore, kept in closed 
position during the preliminary tuning of the 
instrument to initial balance. 
One form of control transformer suitable for 

use in the instrument is illustrated in Figs. 2, 
3 and 5 and this transformer includes a tubular 
casing 2'I of any suitable material, such as brass, 
closed with end plates 28 having axial openings, 
within which is seated a tube 29 of insulating 
material extending from end to end of the cas 
ing and forming a passage therethrough. The 
stationary cores Iña, ISb are mounted within the 
tube at its ends and the sections of the primary 
winding I3a are wound on the tube around the 
respective core. The primary winding may take 
the form of a single winding extending through 
out the length of the tube, but it is preferable 
to make the winding in two sections, so that 
there will be a relatively weak field in the space 
between the cores. The secondary windings I3b 
and I3c are wound on the respective sections of 



the primary and’. theuleads; 30: for the windings ' 
passk out through. one of the end plates 28. A 
tube 3| of insulating material extends between. 
the end plates and encloses the pairs of windings. 
A rod 32r ofv non-magnetic material extends 

through the tubular cores and has a portion pro 
jecting outside casing 21. This rod' carries a 
sleeveV of magnetic material forming themovable 
core |60 and the rod ismovable endwise by‘means 
of a roller 33 mounted on a shaft 34, which 
extends through the front wall 35 of the casing, 
in which the control transformer is mounted. The 
shaft is rotatable by a knob 36 on the: outside of. 
the casing. The roller 33 runs‘in a groove extend 
ing lengthwise of rod 32 andthe roller .and rod 
are kept in tight engagement by rollersf31, 38. 
rotatably mounted on brackets 39, 40 attached to 
respective` leaf springs 4|, 42 secured to casing 2.1. 
By rota-ting the knob 36, rod 32 may be’ moved 
endwise to vary the positionkof the movable core 
|60 between the ñxed cores |611J and |612. 
The copper ring |'1 within the casing» 21 has 

an extension 43, which projects through ar slot 
in the casing. This extension has a lengthwise 
groove, in which runs a roller* 44 on a shaft 45 
extending through the casing wa-ll 35 and carries 
a knob 46 on its outer end. Extension 43- and 
roller 44 are held in contact by rollers 41 which 
bear, respectively, on the extension 43 and roller 
44 and are carried byleaf springs 48 attached toI 
supports 49 by which the control transformer is 
secured to the inner surface of wally 35. 
In the construction disclosed, the switches 22 

and 26 are incorporated in a single s‘witch‘struc 
ture, which comprises“ an operating shaft 5l!V 
extendingr through the casing Wall 35 andpro 
vided with a knob 58a on its outer end. The 
shaft lies within a hollow stem 5|> which extends 
through the casing wall and on which a metal 
plate 52 is rigidly mounted between collars 53. 
Plate 52 isr formed with a pair of diametrically 
disposed depressions 54 into which rollersv 55 on 
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spring arms 56 attached4 to and'rotating with ` 
shaft 58 enter with a snap action, when the 
switches are in neutral or balancing position. 
An annularY plate 51` of insulating material 

encircles shaft 58 and is‘held' spaced from plate 
52v by sleeves 58 mounted on screws 59, which 
extend through openings in the' plate 60 seated 
against the rear end of shaft 50 and are threaded 
into openings in plate 52. Plate 51 carries dia 
metrically disposed spring terminals 6|, which 
have portions seated in openings 62 in plate 51.’ 
The ends of each terminal project beyond’ the 
inner and outer edges of plate 51. 
A disc 63 of insulating material is mounted fast 

on shaft 5D in alignment with annulus 51 and the' 
disc carries a'pair of dia'metri'cally disposed con 
tacts 64, which may be brought into engagementr 
with the` inner ends of terminals 6|', which over 
lie the disc 68. An annular plate 65 of ,insulating 
materiall encircles shaft 50 and is held close to 
onel surface of disc 83 by means of diametrically 
disposed terminals 66, each of which has a por' 
tion 66’ seated in an openingl in the .annular plate. 

Each terminal' 66" is: of" general L’shape, asi 51. 
shown in Fig. 8, and its: curved leg lies` on the 
surface of disc 65 in position to be engaged by 
one of the contacts 64 carried by'disc 63'. Í»One 
terminal 66 may be considered toy be one of the 
poles off switch 22, the other pole being' the asso-1 
ciated terminall 6|. The other terminal 66 acts 
as one of the poles of switch 26 andthe other 
pole is the second terminal 6|’. In the neutral >or 
balancing position of shaft 50, both'contacts 64' 
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(iv i 
are inengagement with aterminal 66 and a ter 
minalv 6|. When the shaft is` moved throughfa 
small angle in` either direction, the contacts 64 
lose contact with terminals. 6|. and. switches 22 
and .26 are opened. ' 

The control transformer isprovided with means 
additionalto core |6c and copper ring I1 for vary` 
ing the output of secondaries |311` and |3c with 
respectLto both amplitude and phase. Such addi 
tional meansr comprise a strip 61 of magnetic 
material which is mounted on a rod 68 supported 
for endwise movement in brackets 69, 10 attached 
to the tube 21. The strip 61 projects into the 
interior of the tube through a slot 21a cut through 
the: Wall of the tube beyond one of the end plates 
28. Rod 63 projects through an openingv in 
bracket 1D and carries a pin 1| adapted tofengage 
one face of the bracket. A spring 12 encircles rod 
68 >and bears at one end against a washer 18, 
whichl is mounted on the rod and is seated against 
one face of bracket 16. At its other end, spring 
12 bears against a washer 14 mounted on the rod 
and seated against a pin 15 extending through 
an opening in the rod. Just beyond pin 15, the 
rodY has a slot 16 into which projects one end of 
a rod 11 attached to an arm 18 pivotally mounted , 
on one of the screws 59 and held in place between 
sleeves 19 and 80 mounted on the screw, sleeve 19 
lying between plate 68 and arm 18 and sleeve 80 
between arm 18 and plate 51. Shaft 56 is pro 
vided' with >a pin 8| in position to engage arm 18 
and, when the shaft has turned through a small 
angle in a clockwise direction, as shown in Fig. 2, 
pin 8| engages arm 18'and causes it to swing 
counterclockwise. The movementV of the arm 
shifts'rod' 68 endwise to bring the plate 61 closer 
to secondary |3b of the control transformer and 
this alters the ñux threading that secondary and 
thus variesy the output of secondaries |3b, |3c 
as to amplitude. 
In order to provide additional means for vary 

ing the output of secondaries |3b7 |30 as to phase, 
a copper ring 82 is mounted within tube 21 to 
encircle the Vtube 3|.V Ring 82 is supported on a 
rodA 83 of non-magnetic material which extends 

' through'k one of the end plates 28 and is attached 
to a rod 84 supported in brackets 89, 16. Rod 84 
projects beyond bracket 1e and is encircle by a 
spring 85, which bears at one end against a wash 
er 86 mounted on the rod and seated against 
bracket 10. At its other end, the spring bears 
againsta washer 81 mounted on the rod and 
seated against the pin 68 attached to the rod. 
Beyond pin 88, the rod is slotted to receive the 
end of an arm 89 attached to an arm 66 pivotally 
mounted on one of the screws .59 and lying be 
tween sleeves 9|, 92 through which the screw ex 
tends. Sleeve 9| spaces arm 80> from plate 66 and 
sleeve 92' spaces arm Sllfrom annulus 51.v A pin 
93 is mounted fast on shaft 58 in position to en 
gage arm 98; Counterclockwise movement of 
shaft 50 through a small angle causes pin 93 to 
engage arm El!) and swing it clockwise on screw 56. 
This results in a movement of arm .88, which 
causes"y an. endwise movement of rod 84 and a cor 
responding movement of the copper sleeve 82. _ 
In the manufacture'of the instrument, the sec 

ondaries |31), |30 of the control transformer are 
made closely similar and.' they are then balanced 
as' to amplitude by means’ of a plate 94 of mag 
netic materialr lying within tube 21 and attached 
by means of screws S5, extending through a slot 
in the wall of the tube, to a curved plate 56 lying 
against the outer surface of tubeV 21. When the 
instrument is put into use, any unbalance result 
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ing from local conditions is initially corrected by 
adjustment of the movable core |60 and the 
movable copper ring I1 of the control trans 
former. Before such adjustments are made, shaft 
50 is placed in position with its contacts 64 con 
necting terminals BI, 66, so that switches 22, 26 
are closed. The closing of switch 22 reduces the 
output of the output transformer and limits the 
amount of current that may flow to the meter 20, 
so that the instrument is less sensitive to changes 
in the position of the movable core i60 and the 
copper ring Il, and the meter needle is prevented 
from going beyond the scale limits, even under 
conditions of maximum unbalance. The closing 
of switch 26 establishes the shunt around the 
bucking voltage produced by battery 23, which 
would ordinarily tend to depress the needle of the 
meter below the zero point, and restores the meter 
needle to within the scale limits, so that the ini 
tial balancing operation may be completed with 
the aid of the meter by observing when its needle 
goes down to zero. 
The slight unbalance in the instrument desir 

able for maximum sensitivity is produced by ad 
justment of plate 61 and ring 82. If the instru 
ment is to be used in detecting particles of mag 
netic material, the desired unbalance is made 
with respect to amplitude by altering the posi 
tion of plate 61, whereas, if the instrument is to 
be used in detecting particles of non-magnetic 
material, the unbalance is to be with respect to 
phase and is effected by adjustment of the copper 
ring 82. Such adjustments are made by turning 
the shaft 50 either clockwise or counterclockwise 
but, as soon as the shaft is turned through a small 
angle in either direction, contacts 64 become dis 
engaged from terminals 6| and switches 22, 26 
are opened. The instrument is, accordingly, re 
stored to its full sensitivity by eliminating the 
resistance across the primary l8a of the output 
transformer and, at the same time, the bucking 
voltage provided by battery 23 becomes effective 
to depress the needle below the zero point. The 
shaft 50 is then turned by its knob 59a until 
either plate 61 or ring 82 has moved sufliciently 
to cause the needle of meter 20 to rise to the zero 
point, at which time an unbalance between the 
control transformer secondaries has been pro 
duced which is just sufficient to counteract the 
bucking voltage. Accordingly, the value of the 
bucking voltage has been used to determine the 
optimum amount of unbalance. At the comple 
tion of the tuning adjustments described, the in 
strument is in a condition for maximum sensitiv 
ity and the needle of the meter is at zero, so that 
a full scale deflection may be obtained. 
In the construction described, the auxiliary tun 

ing for maximum sensitivity is effected by means 
within the control transformer, but such auxiliary 
tuning may be provided in the probe itself, when 
the main tuning means are mounted in the probe, 
as in the construction shown in my second patent. 
Also, the switches 22, 26 have been illustrated as 
controlled by the auxiliary tuning shaft 50, but it 
will be apparent that the switches may be pro 
vided with operating means independent of shaft 
50 and also independent of one another, if de 
sired. However, it is desirable to provide a single 
means for operating both switches, since both 
should be either opened or closed at the same 
time. By constructing the switches so that they 
may be opened and closed in unison by means of 
the auxiliary tuning shaft 50, a single knob on 
the control panel may be used for both operating 
the switches and carrying on the auxiliary tun» 
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8 
ing. ' This simplifies the tuning operation and fa 
cilitates the use of the instrument by unskilled 
personnel. 

I claim: 
1. In a metal locator adapted to locate the po 

sition of metallic particles in body tissue includ 
ing a pair of transformers having their primaries 
connected to a source of electrical energy and 
their secondaries connected in series but opposed, 
variable balancing means for said secondaries 
operable to counteract any difference in voltage 
between the two secondaries either in amplitude 
or in phase, whereby the output of said sec 
ondaries in combination with the output of said 
balancing means will form a total output of a 
predetermined amount in the absence of metal 
adjacent the secondaries and means for ampli-_ 
fying and indicating said total output; the im 
provement in a sensitivity control system there 
for comprising auxiliary means for varying the 
output of the balancing means with respect to its 
amplitude, whereby said total output may be 
caused to deviate from said predetermined 
amount to impart greater sensitivity of indica 
tion in the location of magnetic particles. 

2. In a metal locator adapted to locate the posi 
tion of metallic particles in body tissue including 
a pair of transformers having their primaries 
connected to a source of electrical energy and 
their secondaries connected in series but op 
posed, variable balancing means for said secon 
daries operable to counteract any difference in 
voltage between the two secondaries either in 
amplitude or in phase, whereby the output of 
said secondaries in combination with the output 
of said balancing means will form a total out 
put of a predetermined amount in the absence 
of metal adjacent the secondaries and means for 
amplifying and indicating said total output; the 
improvement in a sensitivity control system 
therefor comprising auxiliary means for varying 
the output of the balancing means with respect 
to its phase, whereby said total output may be 
caused to deviate from said predetermined 
amount to impart greater sensitivity of indica 
tion in the location of non-magnetic particles. 

3. In a metal locator adapted to locate the 
position of metallic particles in body tissue in 
cluding a pair of transformers having their pri 
maries connected to a source of electrical energy 
and their secondaries connected in series but 
opposed, variable balancing means for said sec 
ondaries, operable to counteract any difference 
in voltage between the two secondaries either in 
amplitude or in phase, whereby the output of 
said secondaries in combination with the out 
put of said balancing means will form a total 
output of a predetermined amount in the absence 
of metal adjacent the secondaries and means for 
amplifying and indicating said total output; the 
improvement in a sensitivity control system there 
for comprising auxiliary means for varying the 
output of the balancing means with respect to 
its amplitude and auxiliary means for varying 
the output of the balancing means with respect to 
its phase, whereby said total output may be caused 
to deviate from said predetermined amount to 
impart greater sensitivity of indication in the 
ylocation of magnetic and non-magnetic particles. 

4. In a metal locator adapted to locate the 
position of metallic particles in body tissue in 
cluding a pair of transformers having their pri 
maries connected to a source of electrical en 
ergy and their secondaries connected in series 
butvopposed, variable balancing means for said 



secondaries operable to counteract any difference 
in voltage between the two secondaries either 
in amplitude or in phase, whereby the output 
of said secondaries in combination with the out 
put of said balancing means will form a total 
output of a predetermined amount in the absence 
of metal adjacent the secondaries and means for 
amplifying and indicating said total output; the 
improvement in a sensitivity control system 
therefor comprising means for reducing the 
amplified total output while the output of the 
balancing means is being varied, whereby danger 
of overloadingthe indicating means is lessened, 
auxiliary means for varying the output of the 
balancing means with respect lto its amplitude, 
whereby said total output may be caused A,to de- s 
viate from said predetermined amount to impart 
greater sensitivity of indication in the location 
of magnetic particles, a source of potential op, 
posing the amplified total output for setting the 
optimum amount of deviation between the total 
output and said predetermined amount, and con 
trol means for the amplified total-output-reducf 
ing means and the source of potential, said con 
trol means including a` movable member op 
erable in one position to render the amplified 
total-output-reducing means effective and the 
source of potential ineffective, and operable inv 
all other positions to render the amplified total 
output-reducing means ineffective and the source 
of potential effective. 

5. In a metal locator adapted to locate the 
position of metallic particles in. body tissue in 
cluding a pair of transformers having their pri 
maries connected to a source of electrical energy 
and their'secondaries connected in series but 0p 
posed, variable balancing means for said sec 
ondaries operable to counteract any difference in 
voltage between the two-secondaries either in 
amplitude or in phase, whereby the output of 
said secondaries in combination with the output 
of said balancing means will form a to-tal output 
of a predetermined amount in the absence of 
metal adjacent the secondaries and means for 
amplifying and indicating said total output; the 
improvement in a sensitivity control Ísystem 
therefor comprising means for reducing the am 
pliñed total output while the o-utput of the' bal 
ancing means is being varied, whereby danger of 
overloading the indicating means is lessened, 
auxiliary means for varying the output of the 
balancing means with respect to its phase, where 
by said total output may be caused to deviate 
from said predetermined amount to impart 
greater sensitivity of indication in the location 
of non-magnetic particles, a source 0f potential 
opposing the amplified Atotal output for setting 
the optimum amount of deviation between the 
total output and said predetermined amount, 
and control means for the ramplified total-out 
put-reducing means and the source of potential, 
said control means including a movable mem 
ber operable in one position to rendervthe ampli» 

` ñed total-output-reducing kmeans effective and 
the source of potential ineffective, and operable 
in all other positionsto render the amplified 
total-output-reducing means ineffective and the 
source of potential effective. . 

6. In a metal locatorv adapted `to locate the 
position of metallic particles in body tissue in 
cluding a pair of transformers having their pri 
maries connected to a source of electrical en 
ergy and their secondaries connected in series 
but opposed, variable balancing means for said 
secondaries operable to counteract any difference 
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10 
in yoltage between the two secondaries either 
in amplitude >or in phase, whereby the ,output 
of said secondaries in combination with vthe out 
put of `said _balancing means will form a total 
output ,of v_a predetermined amount „in the ab 
sence of , metal, adjacent the secondaries and 
means for amplifying and indicating said total 
output; the improvement in a _sensitivitycontrol 
system therefor comprisingmeans for reducing 
the amplified Ktotal output while the output of 
the balancing means is being varied, whereby 
Ádanger ,of loverloading the indicating means is 
lessened, Aauxiliary means Y,for varying the output 
of the balancing means with respect to its ame 
plitude, Vauxiliary means Vfor varying the output 
of the balancing means with respect to its phase, 
whereby said.V total output may be caused to 
deviate from >said predetermined amount to 
part greater sensitivity of indicationin the loca 
tion of _either magnetic or non-magnetic par 
ticles, Va sourceof potential opposing the am 
plified total output for setting the optimum 
amount of deviation between the total output 
and said ¿predetermined amount, -and control 
means for the amplified,total-outputáreducing 
means and the source Qof potential, saidpoontrol 
means including amovable memberV operable in i 
one positioncto render theampliiied total-output 
Vreducing means effective and the source >of po 
tential „ineñective Yand ̀ operable in all other posi 
tions> torender the amplified total output-re 
ducing-means ineffective and the source of po 
tential effective. 

`'7. in ,a metal locator and sensitivity control 
therefor las set forth in claim 3, in which both 
Vof said auxiliary means >are operative by a change 
of their positions relative to said balancing means, 
and which includes means forV changing the posi 
tionof both of saidauxiliary >means with respect 
to the balancing means. 

8. In a metal _locator and sensitivity control 
therefor as set forth in claim 3, in which both 
lof said auxiliary means are operative by a change 
`of their positions> relative to said balancing means, 
and which includes asingle ¿means for changing 
the position of both of said auxiliary means with 
respect to said balancing means, said single 
lmeans including a movable member which, when 
moved in one direction «from a neutral position, 
operates one of said auxiliary means, and which, 
when operated in another direction, operates the 
other of said auxiliary means. 

9. In a metal locator and sensitivity control 
rtherefor' as set forth in claim 6, in which both 
or^ said auxiliary means are operative by a change 
of 'their positions relative to ksaid balancing 
means, andwhich includes means for changing 
the position of both of said auxiliary means rela 
tive to the balancing means. ` 

10. Ina metal 'locator and sensitivity control 
therefor-as set forth in claim 6, in which both of 
said auxiliary means are operative by a change 
of their positions relative to said balancing 
means, and which includes a single means for 
changing the position of both of said auxiliary 
means with respect to said balancing means, 
said single means including a movable member 
which, when moved in _one direction from a neu 
tral position, .operates one of said auxiliary 
means, and which, when operated in another di 
rection, operates the other of said auxiliary 
means. . Y 

11.,In a metal locator adapted to locatethe 
position of metallic articles in body tissue in 
cluding a pair of transformers having their pri 



maries connected to a source of electrical energy 
and their secondaries connected in series but op 
posed, a control transformer having its pri 
maries connected to a source of electrical en 
ergy and having its secondaries connected in se 
ries with each other but opposed and in series 
with the secondaries of said pair of transformers, 
means for amplifying and indicating the total 
output of all of said secondaries and means for 
varying the voltages induced in the secondaries 
òf said control transformer with respect to am 
plitude and with respect to phase, whereby the 
output of the secondaries of said control trans 
former may balance the output of the secondaries 
of said pair of transformers; the improvement 
in a sensitivity control system therefor compris 
ing auxiliary means for varying the voltages in 
duced in the secondaries of the control trans 
former with respect to amplitude, whereby an 
unbalance may be caused between the output of 
the control transformer secondaries and the out 
put ofthe secondaries of the pair of trans 
formers to impart greater sensitivity of indica 
tion in the location of magnetic particles. 

12. In a metal locator adapted t) locate the 
position of metallic particles in body tissue in 
cluding a pair of transformers having their pri 
maries connected to a source of electrical en 
ergy and their secondaries connected in series 
but opposed, a control transformer having its 
primaries connected to a source of electrical en 
ergy and having its secondaries connected in se 
ries with each other but opposed and in series 
with the secondaries of said pair of trans 
formers, means for amplifying and indicating 
the total output of all of said secondaries and 
means for varying the voltages induced in the 
secondaries of said control transformer with re 
spect to amplitude and with respect to phase, 
whereby the output of the secondaries of said 
control transformer may balance the output of 
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the secondaries of said pair of transformers; the . 
improvement in a sensitivity control system 
therefor comprising auxiliary means for varying 
the voltages induced in the secondaries of the 
control transformer with respect to phase, where 
'ny an imbalance may be caused between the out» 
put of the control transformer secondaries and 
the output of the secondaries of the pair of trans-A 
formers to impart greater sensitivity of indica 
tion in the location of non-magnetic particles. 

13. In a metal locator adapted to locate the 
position of metallic particles in body tissue in 
cluding a pair of transformers having their pri 
maries connected to a source of electrical 
energy and their secondaries connected in series 
but opposed, a control transformer having its 
primaries connected to a source of electrical 
energy and having its secondaries connected 
in series with each other but opposed aind 
in series with the secondaries of said pair of 
transformers, means for amplifying and indicat 
ing the total output of all of said secondaries 
and means for varying the voltages induced in the 
secondaries of said control transformer with re 
spect to amplitude and with respect to phase, 
whereby the output of the secondaries of said 
control transformer may balance the output of 
the secondaries of said pair of transformers; the 
improvement in a sensitivity control system there 
for comprising auxiliary means for varying the 
voltages induced in the secondaries of the con 
trol transformer with respect to amplitude, and 
auxiliary means for varying the voltages induced 
in thesecondaries of the control transformer 
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with respect to phase, whereby an unbalance may 
be caused between the output of the control 
transformer secondaries and the output of the 
secondaries of the pair of transformers to im 
part greater sensitivity of indication in the loca 
tion of either magnetic or non-magnetic particles. 

14. In a metal locator adapted to locate the 
position of metallic particles in body tissue in 
cluding a pair of transformers having their pri 
maries connected to a source of electrical energy 
and their secondaries connected in series but op 
posed, a control transformer having its prim-aries 
connected to a source of electrical energy and 
having its secondaries connected in series with 
each other but opposed and in series with the 
secondaries of said pair of transformers, means 
for amplifying and indicating the total output 
of all of said secondaries and means for varying 
the voltages induced in the secondaries of said 
control transformervwith respect to amplitude 
and with respect to phase, whereby the output 
of the secondaries of said control transformer 
may balance the output of the secondaries of said 
pair of transformers; the improvement in a sen 
sitivity control system therefor comprising means 
for reducing the amplified total output while 
voltages induced in the control transformer are 
being varied, whereby danger of overloading the 
indicating means is lessened, auxiliary means for 
varying the voltages induced in the secondaries 
of the control transformer with respect to ampli 
tude, whereby the output of said control trans 
former secondaries may be caused to deviate from 
the output of the secondaries of said pair of 
transformers to impart greater sensitivity of in 
dication in the location of magnetic particles, a 
source of potential opposing the amplified total 
output for setting the optimum amount of de 
viation between the output of the control trans 
former secondaries and the output of the sec 
ondaries of the pair of transformers, and control 
means for the amplified total-output-reducing 
means and the source of potential, said Vcontrol 
means including a movable member operable in 
one position to render the amplified total-output 
reducing means effective and the source of po 
tential ineffective, and operable in all other posi 
tions to render the amplified total-output-re 
ducing means ineffective and the source 0f po 
tential effective. 

15. In a metal locator adapted to locate the 
position of metallic particles in body tissue in 
cluding a pair of transformers having their 
primaries connected to a source of electrical en 
ergy and their secondaries connected in series but 
opposed, a control transformer having its pri 
maries connected to a source of electrical energy 
and having its secondaries connected in series 
with each other but opposed and in series 
with the secondaries of said pair of transformers, 
means for amplifying and indicating the total 
output of all of said secondaries and means for 
varying the voltages induced in the secondaries 
of said control transformer with respect to am 
plitude and with respect to phase, whereby the 
output of the secondaries of said control trans 
former may balance the output of the secondar 
ies of said pair of transformers; the improvement 
in a sensitivity control system therefor comprising 
means for reducing the amplified total output 
while voltages induced in the control transformer 
are being varied, whereby danger of overloading 
the indicating means is lessened, auxiliary means 
for varying the voltages induced in the secondar 
ies of the control transformer with respect to 
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phase, whereby the output of said control trans 
former secondaries may be caused to deviate from 
the output of the secondaries of said pair of 
transformers to impart greater sensitivity of in 
dication in the location of non-magnetic par-V 
ticles, a source of potential opposing the ampliñed 
total output for setting the optimum amount of 
deviation between the output of the control 
transformer secondaries and the output of the 
secondaries of the pair of transformers, and con 
trol means for the amplified total-output-reduc 
ing means and the source of potential, said con 
trol means including a movable member operable 
in one position to render the amplified total-out 
put-reducing means effective and the source of 
potential ineffective, and operable in all other 
positions to render the amplified total-output 
reducing means ineffective and the source of po 
tential effective. 

16. In a metal loctator adapted to locate the po 
sition of metallic particles in body tissue including 
a pair of transformers having their primaries con 
nected to a source of electrical energy and their 
secondaries connected in series but opposed, a 
control transformer having its primaries con- 
nected to a source of electrical energy and having 
its secondaries connected in series with each other 
but opposed and in series with the secondaries of 
said pair of transformers, means for amplifying 
and indicating the total output of all of said sec 
ondaries and means for varying the voltages in 
duced in the secondaries of said control trans" 
former with respect to amplitude and with respect 
to phase, whereby the output of the secondaries 
of said control transformer may balance the rout- 
put of the secondaries of said pair of trans 
formefrs; the improvement in a sensitivity control 
system therefor comprising means for reducing 
the amplified total output while voltages induced 
in the control transformer are being varied, 
whereby danger of overloading the indicating 
means is lessened, auxiliary means for varying the 
voltages induced in the secondaries of the control 
transformer with respect to amplitude, auxiliary 
means for varying the voltages induced in the 
secondaries with respect to phase, whereby the 
output of said control transformer secondaries 
may be caused to deviate from the output of the 
secondaries ofsaid pair of transformers to impart 
greater sensitivity of indication in the location of 
either magnetic or non-magnetic particles, a 
source of potential opposing the amplified total 
output for setting the optimum amount of devia 
tion between the output of the control trans 
former secondaries and the output of the sec 
ondaries of the pair of transformers, and control 
means for the amplified total-output-reducing 
means and the source of potential, said control 
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means including a movable member operable in 
one position to render the amplified total-output 
reducing means effective and the source of poten 
tial inefiective, and operable in all other positions 
to render the amplified total-output-reducing 
means ineffective and the source of potential ef 
fective. 

17. In a metal locator and sensitivity control 
therefor as set forth in claim 36, in which both 
of said auxiliary means are operative by a change 
of position relative to the control transformer, 
and which includes means for changing the posi 
tion of said auxiliary means with respect to the 
control transformer. 

18. In a metal locator and sensitivity control 
therefor as set forth in claim 13, in which both of 
said auxiliary means are operative by a change 
of position relative to the control transformer, 
and which includes a single means for changing 
position of both of said auxiliary means with re 
spect to the control transformer, said single means 
including a rotatable member which, when moved 
in one direction from a neutral position, oper 
ates one of said auxiliary means, and which, when 
moved in another direction from said neutral po 
sition, operates the other of said auxiliary means. 

19. In a metal locator and sensitivity control 
‘ therefor as set forth in claim 16, in which both of 
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said auxiliary means are operative by a change of 
position relative to the control transformer, and 
which includes means for changing the position 
of said auxiliary means with respect to the con 
trol transformer. ` 

20. In a metal locator and sensitivity control 
therefor as set forth in claim 16, in which both 
of said auxiliary means are operative by a change 
of position relative to the control transformer, 

‘ and which includes a single means for changing 
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the position of both of said auxiliary means with 
respect to the Control transformer, said single 
means including a rotatable member which, when 
moved in one direction from a neutral position, 
operates one of said auxiliary means, and which, 
when moved in another direction from said 
neutral position, operates the other of said aux 
iliary means. 
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